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Comparative biologists have long recognized that physiological and morphological diversity are unevenly distributed among lineages and have sought to identify the underlying causes. Workers have examined extrinsic causes, such as access to novel environments (e.g., Grant 1986; Baldwin and Sanderson 1998; Farrell 1998; Marvaldi et al. 2002) and the role of ecological opportunity (Schluter 2000) . Intrinsic novelties are also thought to influence physiological diversification. The key innovation hypothesis posits that novel structural or functional acquisitions promote physiological and/or functional diversification (e.g., Ostrom 1979; Farrell 1998; Middleton and Gatesy 2000) . Trait duplication and decoupling is a second mechanism that has been proposed to lead to physiological diversification (e.g., Liem and Osse 1975; Schaefer and Lauder 1986; Lauder 1990; Schaefer and Lauder 1996; Friel and Wainwright 1998 ). Vermeij's (1973) hypothesis, which increases in complexity-the number of independent parameters to specify a design-to generate greater potential morphospace and diversity, is a third.
Functional redundancy is another very general phenomenon that can facilitate diversification, although it is more commonly invoked to explain patterns of molecular evolution. Redundancy occurs when a number of different underlying structures can produce the same emergent functional property of a trait. For example, the amino acid structure of an enzyme might map redundantly to its catalytic ability in that similarly functioning enzymes can differ at some amino acid sites. The concept of equifunctionality (Zuckerkandl 1997) and its bearing on evolutionary dynamics have been discussed at length with respect to selectively neutral amino acid substitutions (Ohta 1992 ) and 12S rRNA secondary structure (Schuster et al. 1994; Fontana and Schuster 1998; Schuster and Fontana 1999; Stadler et al. 2001) . Importantly, almost any genotype-phenotype relationship implies a redundant (or many-to-one) mapping of genotype to phenotype (Stadler et al. 2001) , and redundancy, in turn, may strongly affect the tempo and mode of evolutionary diversification (Schuster et al. 1994; Zuckerkandl 1997; Fontana and Schuster 1998; Schuster and Fontana 1999; Stadler et al. 2001) .
In an analogous fashion to the molecular traits described above, many physiological structures exhibit a pattern in which multiple combinations of underlying parts can give rise to traits with similar mechanical, physiological, or performance values (Wainwright et al. 1976; Lewontin 1978; Taylor and Weibel 1981; Norberg 1994; Koehl 1996; Kovach 1996; Nishikawa 1999) . For example, muscles with similar tension-producing capacities can be constructed with disparate fiber lengths, fiber orientations, and specific tensions (Powell et al. 1984) . At the level of whole-organism performance, lizards may achieve similar levels of jumping ability with many different combinations of muscle size and hindlimb dimension (Toro et al. 2004 ). Thus, many-to-one mapping of form to function also characterizes the relationship between physiological phenotype and higher levels (or emergent properties) of the phenotype (Lewontin 1978) .
Given that redundancy appears to be a common property of many physiological systems, an understanding of the evolutionary consequences of many-to-one mapping might improve studies of diversity and ecology. Redundancy enables structural change to be functionally (and hence selectively) neutral and imparts nonlinearity to the relationship between change at the functional level of a trait and change at the underlying structural level. Both of these properties might be expected to influence the evolutionary behavior of a trait. Form-function maps might be used to distinguish between functional diversification within a clade and morphological diversification, key issues in the study of adaptive radiation. Study of form-function mapping also might help identify conditions under which morphological variation is expected to have an exceptionally weak correlation with emergent levels of design, possibly shedding additional light on the issues surrounding the use of morphology as a proxy for ecology (Gatz 1979; Winemiller 1991; Ricklefs and Miles 1994; Lovette et al. 2002) .
As a step toward understanding the evolutionary consequences of many-to-one mapping for physiological traits, we have undertaken a study of the relationship between morphological and mechanical evolution in the four-bar linkage (Hulsey and Wainwright 2002; Alfaro et al. 2004 ), a biomechanical trait found in the skulls of labrid fishes ). Four-bars are exceptionally well suited to studying form-function evolution because the structural phenotype can be summarized by three quantitative variables and an emergent mechanical property of functional importance can be precisely calculated from the morphology. Previously, using simulation and numerical techniques, we found that redundancy can partially decouple mechanical and morphological evolution and promote morphological diversification even in the face of selection for functional equivalence (Alfaro et al. 2004 ).
Here we extend our earlier work by developing an analytic approach to the study of the map between morphology and mechanics. Within the four-bar framework, we ask what the intrinsic bounds to mechanical evolution are and if the pattern of mechanical diversity in labrids reflects these boundaries. We also ask how labrids have distributed themselves throughout theoretical morphoand mechanospaces. Finally, we use this system to illustrate how redundancy can promote functional diversification and mitigate against trade-offs in the face of disparate functional demands. Although our work focuses on a single functional trait in fish jaws, common vertebrate performance traits such as sprint speed, jump distance, bite force, and suction pressure typically exhibit redundancy in the map of underlying parts to functional variables. Thus, we expect that the principles that emerge from the study of this system will have broad applicability for a wide range of biomechanical, physiological, and behavioral characters.
Methods

The Labrid Four-Bar Mechanism
In contrast to humans and other mammals in which the lower jaw is the single freely articulating element of the skull, fish heads are highly kinetic and contain a large number of mobile joints. Motion of many skeletal elements of the fish skull has been modeled using lever theory, borrowed from mechanical engineering. The four-bar is a mechanical lever system that describes motion in the oral jaws of labrid fishes (fig. 1; Westneat 1990; Muller 1996; Wainwright et al. 2004) . It functions to transmit force and motion through a series of four skeletal elements connected in a loop. One property of the four-bar that makes it especially tractable for mechanical analysis is that the system possesses a single degree of freedom (meaning that for any given angle between two links, all remaining angles of the mechanism are determined). Thus, rotation applied to the lower jaw link results in movement of the nasal and maxilla links (relative to the fixed link) in a deterministic way ( fig. 1) .
One key mechanical property of the system is the maxillary kinematic transmission coefficient (maxillary KT). Analogous to the inverse of a lever mechanical advantage, maxillary KT describes the amount of angular rotation of the maxillary bone for a given amount of lower jaw rotation that in turn is thought to control protrusion of the premaxilla (Westneat 1990 ). This functional property can be calculated for any given morphology using simple trigonometry (app. B). Maxillary KT has been shown to have (fixed, lower jaw, maxilla, nasal) are connected at mobile joints to form a loop. During mouth opening, downward rotation of the lower jaw is translated to the maxilla, which is rotated anteriorly. A mechanical property of this system, the maxillary kinematic transmission coefficent (maxillary ) describes KT p a/b the amount of maxillary rotation (a) per degree of lower jaw rotation (b). a significant correlation with ecology: species that feed on evasive prey tend to have higher maxillary KTs, and those taking hard-shelled prey have lower maxillary KTs (Westneat 1995; Wainwright et al. 2004) . Maxillary KT varies with four-bar shape in a nonlinear and redundant fashion, meaning that there are many possible combinations of links that produce the same maxillary KT (Hulsey and Wainwright 2002; Alfaro et al. 2004 ).
Maxillary KT is sensitive to the starting and input angles of the lower jaw, although these parameters are typically less important than the lengths of the links (Hulsey and Wainwright 2002) . For these reasons, we fix starting angle and input angle to be 30Њ for all calculations of maxillary KT in this study. These numbers reflect biologically relevant values for labrids (Westneat 1990) . By setting these two variables to be constants and by expressing the length of the nasal, lower jaw, and maxillary links as a proportion of the fixed link (four-bar mechanics are size independent), we are able to describe the structure of the fourbar jaw linkage in a three-dimensional morphospace that can be readily visualized. Had we allowed these angles to vary, our analysis would have been more difficult to describe (being five-dimensional rather than three-dimensional) but would have shown similar dynamics to those discussed here since there would have been even higher levels of redundancy.
Although we define maxillary KT as the function of the four-bar for the purposes of this study, in reality jaw function in labrids will depend on many structures and properties beyond those considered here. Thus, fish with mechanically equivalent four-bars are not necessarily expected to have functionally equivalent jaws. We do not believe that this limitation invalidates our approach because the framework we develop could be extended to incorporate additional structural elements in order to examine broader or more emergent functional properties.
Theoretical Number of Mechanical Solutions
We used a simulation approach to discover the relative number of morphological solutions for values of maxillary KT across biologically plausible four-bar shapes. Using a data set that included measurements from an earlier study ) along with new measurements (table A1), we defined two labrid morphospaces, a "shoebox" and a spheroid. To create the shoebox, we determined the minimum and maximum lengths observed for each of the four-bar elements in the 122 species in our data set. The minimum and maximum observed lengths of these elements ([minimum, maximum] We wrote a computer program in LISP to calculate the maxillary KT for every four-bar within this morphospace. Starting with a four-bar with dimensions fixed link p , lower jaw, nasal, and maxillary links equal to their 1.0 minimum values (above), and a starting angle between the lower jaw and the fixed link of 30Њ, the program determined the maxillary KT given 30Њ of input rotation. The length of the lower jaw was then incremented by 0.01, and maxillary KT was recalculated. The program repeated the process of incrementing a length by 0.01 and recalculating maxillary KT until all possible four-bars had been evaluated ( ). N p 164,300 The four-bar samples produced by this procedure were spaced evenly within a box-shaped volume defined by the minimum and maximum lengths of each link observed in the labrids. However, we suspected that this theoretical morphospace would include large regions unoccupied by living species, particularly around the periphery. To shave away these empty corners of the shoebox, we also defined a spheroidal morphospace using a series of bivariate plots of link length (lower jaw by nasal, lower jaw by maxilla, maxilla by nasal). Starting with the lower jaw by nasal plot, we constructed a convex hull (the smallest convex polygon containing all of the labrids) using JMP 5.01 (SAS 2002) and eliminated all simulated four-bars that fell outside of it. We repeated this procedure for the other two combinations of links, defining a second morphospace that represents a three-dimensional convex hull around the cloud of labrids in the lower jaw, nasal, and maxilla morphospace. This cloud contained 35,306 four-bars, substantially fewer than the shoebox space, revealing labrids to be nonuniformly distributed in the shoebox morphospace. We compared the variance of the empirical distribution of maxillary KTs in 122 labrids to variance in maxillary KT in the shoebox and spheroid morphospaces using an F-test.
Given the large size of the theoretical sample, we expected to have great statistical power to discriminate between the theoretical and empirical distributions. To test if parameters of the empirical data differed significantly from randomly drawn samples from the theoretical space, we performed a resampling analysis. We generated replicate data sets of 122 taxa by drawing randomly from each theoretical distribution of maxillary KT. For each replicate, we log transformed the data and calculated the shape and scale parameters of the distribution to create null distributions. The empirical shape and scale parameters were compared to these null distributions to determine if they differed significantly from random expectation.
Mathematical Modeling
The relationship between the geometry of the four-bar and its maxillary KT can be described using a series of trigonometric equations (app. B). We used Mathematica 4.2 (Wolfram Research 2002) to solve for all possible four-bar morphologies that would produce a given value of maxillary KT within the wrasse-bounded morphospace described above. We visualized functionally equivalent morphologies by plotting contours through all points with a given maxillary KT.
Multiple Functional Demands
Many complex traits are known or thought to be subject to disparate functional demands. For example, the bony elements of the four-bar are conspicuous components of the skull and almost certainly influence functional traits such as maximum mouth gape, maximum buccal expansion, and hydrodynamic profile. Unfortunately, we currently lack an explicit model that ties four-bar morphology to multiple known functions. In the absence of such a model, we extended our four-bar framework to include a second mechanical property with no known functional or ecological significance. We defined nasal KT as the ratio of rotation of the nasal link to that of the lower jaw and used it, along with maxillary KT, to theoretically explore how the intrinsic relationships between morphology and multiple functions might influence the evolution of a complex trait subject to multiple functional demands. We used Mathematica to plot the intersection of two nasal KT contours (0.0, representing a four-bar in which the nasal link does not move while the maxilla rotates, and 0.55, representing four-bars with relatively extreme nasal movement), with the maxillary contour to explore KT p 0.8 how these properties relate to one another. We also ex- We used a randomization test to examine whether a constraint imposed by a secondary function reduced fourbar morphological diversity. We compared the morphological variance found in six species with both a maxillary and a nasal to the KT p 0.8 ‫ע‬ 0.05 KT p 0.55 ‫ע‬ 0.05 variance found in species with the same maxillary KT but unconstrained nasal KT. We created the null distribution by repeatedly ( ) drawing random samples of six N p 1,000 species with maxillary from the labrid KT p 0.8 ‫ע‬ 0.05 data set and computing the sum of the variance found in each link for the replicate. Multiple functional demands were interpreted as significantly reducing morphological solutions if the variance from the constrained sample fell within the lower 5% tail of the null distribution.
Results
Morphological solutions to maxillary KT within the shoebox morphospace are approximately lognormal distributed ( , ) with a median value of 0.79 m p Ϫ0.22 j p 0.50 ( fig. 2A) . Ninety-five percent of all possible morphologies produce a maxillary KT of 2.1 or less. The minimum KT possible is 0.06, and the maximum is 3.82. The morphological solutions within the spheroidal morphospace are similarly distributed ( , ), with a mem p Ϫ0.20 j p 0.32 dian KT of 0.80, a minimum KT of 0.41, a maximum KT of 2.3, and 95% of four-bars producing a maxillary KT of 1.6 or less. The empirical samples are also approximately lognormal distributed ( , ), with a mem p Ϫ0.22 j p 0.27 dian KT of 0.80 ( fig. 2B ). The maximum observed KT was 1.95, and the minimum KT was 0.45. The variance of the empirical data is lower than that of the shoebox samples ( , , ) . It is also lower F p 3.73 df p 164,300, 122 P ! .001 than theoretical samples within the spheroid morphospace ( , , ). Bootstrapping F p 1.38 df p 35,306, 122 P ! .018 analysis underscored the F-test result, showing that the empirical sample variance is significantly smaller than the theoretical ( for shoebox and spheroid). The em-P ! .001 pirical mean, however, does not differ significantly from either theoretical sample ( for shoebox, P p .64 P p .57 for spheroid).
Contours of mechanical equivalence are continuous, highly curved, and irregularly spaced surfaces within the labrid morphospace ( fig. 3A) . As predicted by our numerical simulations above, the maxillary iso-KT p 0.8 curve has the largest surface area in this space, with more extreme KT contours becoming progressively smaller. Twenty-two labrid species in our sample possess a maxillary KT of ( fig. 3B ). Despite occupying a rel-0.8 ‫ע‬ 0.05 atively restricted portion of the possible morphospace, these species show a high degree of four-bar morphological diversity ( fig. 3B ).
Nasal KT contours are also highly curved and irregularly spaced and run roughly orthogonal to maxillary KT contours ( fig. 4) . Within the labrids sampled in this study, there is a significant positive correlation between these two mechanical properties ( , , , 2 r p 0.16 F p 22.51 df p 118 ). Nevertheless, we found considerable diversity in P ! .001 nasal KTs among labrids with approximately equal maxillary KTs (fig. 5A ). Within our sample, four-bar morphological diversity in labrids with similar maxillary KTs and nasal KTs is not significantly lower than four-bar diversity among labrids with similar maxillary KTs only ( ), although the observed range of morphologies P p .13 appears qualitatively to be less extreme ( fig. 5B ) than in unconstrained samples ( fig. 5A ).
Discussion
Functional morphologists have long recognized that the relationship between morphology and mechanics can be nonlinear and that within a physiological system, there may be "more than one way to skin a cat" (Koehl 1996) . Despite the prevalence of these ideas within the fields of evolutionary morphology and physiology, there have been very few explicit attempts to understand how the intrinsic relationship between morphology and functional properties is expected to influence physiological evolution.
Our study reveals that the map of morphology to mechanics could influence physiological diversification in many ways. First, because solutions to functional problems may not be uniformly distributed in complex traits, the distribution itself might impose a kind of dynamic constraint on the evolution of morphological diversity across lineages. For example, in the labrid four-bar morphospace, there are a large number of possible morphologies that will produce a KT of approximately 0.8 ( fig. 2) . Therefore, under a scenario in which selection is acting at the level of mechanics, clades under selection for KTs of 0.8 have the potential to evolve a high degree of morphological diversity. In contrast, clades under selection for high maxillary KT (12.0 for example) have reduced potential for morphological diversification simply because there are fewer morphological possibilities. Similarly, individual lineages under selection for extreme values of maxillary KT might be expected to have a greater chance of evolving morphologically convergent four-bars simply because there are only a small number of possible mechanical designs. In contrast, morphological convergence is far less likely to accompany mechanical convergence in lineages evolving toward maxillary . Thus, an KT p 0.8 understanding of the morphology-function map might help identify the relative importance of intrinsic mechanical constraints on the evolution of morphological convergence.
Such an approach might also help explain patterns of ecological diversification. For example, it is intriguing to note that piscivores and planktivores are the rarer ecotypes within the Labridae , that these ecotypes are predicted to require the highest-KT jaws, and that there are relatively few high-KT solutions available to wrasses within the morphospace ( fig. 2 ).
Possible and Attained Jaw Forms
Why do labrids appear to occupy only a small portion of the theoretical morphospace ( fig. 3B)? The bounds of the surface in figure 3B are determined by two fac-KT p 0.8 tors. The first is the minimum and maximum values of the lower jaw, nasal, and maxillary links for all species (not just those of ). Thus, the unoccupied areas of KT p 0.8 the KT surface indicate that some species with higher or lower KTs have four-bar element lengths that fall outside the range of those found in species with maxillary . A second bound on surface areas in this space KT p 0.8 is the functional constraint that the combination of links forms a functional four-bar. In figure 3B , the border on the lower right constitutes a hard edge in the space because of the physical requirement that the sum of the lengths of the lower jaw, nasal, and maxillary must exceed 1.0 to produce a working four-bar.
Given these constraints on the theoretical surface, the question remains why labrids are distributed across the surface in a nonuniform way. Why do wrasses KT p 0.8 with never evolve long nasals and short maxillas, KT p 0.8 ) and nasal KT ( ) exhibit obvious morphological variation. Observed morphological diversity in the 0.8 ‫ע‬ 0.05 0.55 ‫ע‬ 0.05 six species from our data set that satisfied both of these mechanical constraints was not significantly lower than the expected morphological diversity of six labrids randomly sampled with maxillary and without respect to nasal KT (see text). Four-bar starting (solid lines) and ending KT p 0.8 (dashed lines) conformations are illustrated.
Morphological Redundancy in Labrid Fishes
for example? One intriguing possibility concerns the evolutionary stability of the contours themselves. Although every point on a functional contour is, by definition, mechanically identical, they are not all identically buffered against mechanical change. Minor morphological change will have differential effects on mechanics depending on the position along the contour. This is another way of saying that the slope of steepest descent to an adjacent contour varies. Since populations vary in the length of their links, one hypothesis is that the observed distribution represents the portion of the 0.8 contour in which population-level variation will have a relatively small effect on mechanics and the uninhabited areas represent forms in which mechanics change sharply with changes in morphology.
The stability of functional contours might also influence the degree of population-level morphological variation present in high-and low-KT lineages. For example, our model suggests that high-KT contours experience greater mechanical change per unit of morphological change than low-KT contours (M. E. Alfaro, unpublished data). Thus selection on high-KT lineages might be expected to reduce the amount of morphological variation relative to low-KT lineages. Reduced morphological variation in turn could profoundly influence the evolutionary behavior of high-KT lineages versus low-KT lineages. Future work on within-population variation in link length will allow these and other hypotheses to be examined in greater detail.
Complexity, Multiple Functions, and Diversity
The form-function map can have a strong influence on the evolutionary dynamics of morphological units that belong to multiple functional traits. To illustrate this point, we consider a largely theoretical example of the evolution of underlying morphology and maxillary and nasal KT. Despite the lack of functional significance for nasal KT, we feel that this discussion is justified because the conceptual points we raise should be broadly applicable to any system in which morphology maps to multiple functions.
Given the elements of the four-bar (fixed, lower jaw, nasal, and maxillary links) and that two functional properties of the system (maxillary and nasal KT), we first consider a hypothetical scenario with no functional redundancy. In other words, every unique four-bar shape maps to a single value of maxillary KT and a single value of nasal KT. Figure 6A shows one example of the pattern of diversification that might be found within a clade in maxillary and nasal KT under such a scenario. The important point in this case is not the positive relationship between the two measures. Rather, it is that the number of possible combinations of maxillary KT and nasal KT is severely constrained. Without redundancy, functional diversification within this clade will be relatively low. In contrast, if redundant mapping of maxillary KT to nasal KT is possible, then functional diversification within a clade may be high because a greater number of combinations of maxillary and nasal KT values is possible ( fig.  6B) .
Perhaps more importantly, one-to-one mapping should severely constrain evolutionary change in traits with multiple functions, while redundant systems should be less constrained. Consider a system in which nasal and maxillary KT map one-to-one ( fig. 6A ), and assume a population with maxillary KT of 0.8 and nasal KT of 0.5. Furthermore, assume that these are selectively optimal values for the current conditions. If new conditions continue to favor maxillary but also a nasal KT of 0.0, KT p 0.8 the population will be unable to evolve a form that satisfies both functional demands because such a form does not exist. One-to-one mapping of morphology to multiple functions means that selection in this example will produce a suboptimal phenotype for at least one of the functions. In contrast, in a redundant system such as that found within labrids ( fig. 6B ), this population could theoretically evolve a form that will simultaneously have the newly selected nasal KT and maintain the original nasal KT. Depending on the nasal KT and maxillary KT functional gradients, it is even possible that daughter populations would be able to maintain a maxillary KT of 0.8 as they evolved to the new nasal KT value.
The theoretical map of function to function can also be used to generate predictions about when trade-offs are likely to be important and when they are not. Although it is commonly thought that if a trait must accommodate disparate functions, some kind of trade-off between them must ensue, the maxillary KT-nasal KT example suggests that trade-offs need not occur over some ranges of functional values. For example, the shaded polygon in figure  6B indicates the realized functional space for nasal and maxillary KT values in living labrids. At high values of maxillary KT, there are relatively fewer possible nasal KT values than there are at maxillary KT values of 0.8. Thus, we might predict that functional trade-offs in this theoretical example would be more likely to occur when maxillary KT is selected to be high than when it is selected to be moderate. Data from other functional systems suggest that trade-offs may indeed display the kind of dynamic discussed here. For example, in anoles, horizontal jumping distance appears to map redundantly to flight time for submaximal distances but one-to-one at maximal jumping distance (Toro et al. 2004 ).
Neutral Morphological Evolution and Physiological Diversification
Previously, we showed that when selection is applied at the level of KT, many-to-one mapping can act as a mechanism for promoting diversification (Alfaro et al. 2004) . The question of whether four-bar morphology in labrids has been driven primarily by selection at the level of lever mechanics or on the links themselves remains open. However, given both historical (Westneat 1995) and ahistorical ) correlation of maxillary KT with diet, the hypothesis that selection has operated on maxillary KT is plausible. Given this possibility, the amount of morphological variation exhibited in taxa with similar values of maxillary KT (e.g., fig. 5A ) is intriguing. In our sample, nine species in separate genera distributed throughout the labrid tree with disparate reconstructed ancestral KTs have evolved similar KTs (Westneat et al., forthcoming) . Thus, the data suggest that mechanical convergence in the labrid four-bar is not accompanied by morphological convergence. Could some of the morphological differences among species where morphology maps one-to-one to these functional properties. Functional diversity within this clade is constrained to be low because few possible combinations of functional properties are possible. B, Nasal and maxillary KT values for 500 four-bars randomly sampled from the theoretical distribution of four-bars in the labrid morphospace ( fig. 2A ). Functional diversity within this clade is high owing to the larger possible number of combinations of nasal and maxillary KT values. Shaded polygon indicates the functional morphospace occupied by living labrids.
these lineages have arisen stochastically as they evolved under selection for function? Or has selection on secondary functions or on links directly produced the observed differences in four-bar form? Teasing apart these influences will be difficult. The roles of drift and selection in molecular evolution continue to be debated, and nearly all of the difficulties that surround the identification of driftinduced molecular variation (e.g., Lynch 1984; Schluter 1996; Orr 1998; Phillips et al. 2001; Kelly 2003) will accompany studies of drift in phenotypic traits. However, when the map between form and function is analytically tractable, as it is in the four-bar system, it is possible to generate hypotheses about the patterns of morphological and mechanical variation that would be expected under various scenarios of selection on mechanics, morphology, or morphological drift, and these scenarios could then be tested using empirical data. For example, the hypothesis that selection on mechanics was the driving force behind four-bar shape evolution might be tested using a genotypic variance-covariance matrix for the four links in the population in question (which might be reasonably estimated using a phenotypic variance-covariance matrix) by using Lande's (1979) approach to multivariate trait evolution with the four-bar morphology mechanics map as the fitness landscape. Neutral morphological evolution might be an important mechanism for enabling mechanical innovation in the same way as evolution along neutral networks is thought to facilitate innovation in molecular systems (Zuckerkandl 1997; Fontana and Schuster 1998; Schuster and Fontana 1999; Stadler et al. 2001) . Given the ubiquity of many-toone type mappings in physiological traits, continued investigation of the dynamics imposed on trait evolution by the interaction of selection and redundancy is warranted. Future studies will help determine if intrinsic relationships between morphology and function have played a major role in shaping patterns of diversification in complex physiological traits. of individuals measured; KT; jaw, nasal, and maxilla N p number KT p maxillary refer to four-bar element lengths expressed as a proportion of the fixed link ( fig. 1 ).
